In Brazilian reefs, zoanthids, especially Palythoa caribaeorum are fundamental for structuring the local benthic community. The objective of this study was to determine the growth rate of P. caribaeorum, and to assess the influence of the site (different beaches), season (dry and wet), location (intertidal or infralittoral zones), and human pressure associated with tourism. For one year we monitored the cover of P. caribaeorum in transects and focused on 20 colonies. We cut off a square (100 cm 2 ) from the central part of the colony and monitored the bare area for four months in each season. The average growth rates varied from 0.015 and 0.021 cm.day -1 . The rate was homogeneous in all localities, and there was no influence from colony site, location, or touristic visitation, showing that the growth velocity may be an intrinsic characteristic of the species, with a strong genetic component. The growth rate of P. caribaeorum differed among months, and peaked in the first month after injury. The average cover varied from 6.2 to 22.9% and was lower on the reef visited by tourists. The present study corroborates the hypothesis that P. caribaeorum is important for coastal reef dynamics due to its fast and continuous growth.
INTRODUCTION
Coral reefs are very important due to the several ecosystem services they provide (Dight and Scherl 1997, Moberg and Folke 1999) , their high productivity (Connell 1978 , Birkeland 1997 , their biodiversity (Moberg and Folke 1999) , and their dynamism (Osborne 2000). As they occupy only 0.5% of sea bottoms (Moberg and Folke 1999) , biological interactions, in particular competition, are essential to maintain the dynamics and the diversity of their community.
Among the biological groups that best characterize reefs in the world are anthozoan cnidarians. The species composition of this group varies geographically, but dominant species play similar ecological roles in different reefs. This is colony fission (McFadden 1986) , which contributes to population size, from the fission of an individual polyp, which contributes to colony growth (Acosta et al. 2005) . In this context, the influence of the environment on the colony's growth rate for P. caribaeorum (and zoanthids in general) is still poorly known.
Considering the high ecological importance of this species in Brazilian reefs and its competitive interactions, the objectives of the present study were to estimate the growth rate of P. caribaeorum in reefs in the northeastern coast of Brazil and to test whether this rate changes under different environmental conditions. The results will allow us to understand the role of this species in structuring benthic community.
MATERIALS AND METHODS

STUDY AREA
We carried out the present study in the tropical reefs at Porto de Galinhas (8°33' 00''-8°33'33" S; 35°00'27''-34°59' 00'' W) and Suape (8°21' 45"-8°23'27'' S; 34°56' 44'' -34°57'30'' W) beaches in the State of Pernambuco in northeastern Brazil (Fig. 1) . The area has a warm and humid climate. Historical average annual rainfall is 2,483.6 mm and average annual temperature is 24.7°C. There is little temperature variation throughout the year (from 26 to 30°C), but there is a strong difference in rainfall distribution. The rainy season (March to August) concentrates over 70% of the annual rainfall. Hence, the region is characterized by two climatic seasons: dry and rainy (Medeiros et al. 1999) .
The beaches have fringe reef formations, known as sandstone banks or beachrocks (Laborel 1970) . Suape, located 40 km away from Porto de Galinhas, has a reef line with 3,500 m in length and 80 m in width, at approximately 1,200 m from the coastline making the access of people to the reef difficult. Conversely, the reef of Porto de Galinhas has an extension of 900 m and is close to the beach line, within easy access, which makes this beach one 987 GROWTH OF Palythoa caribaeorum IN BRAZILIAN REEFS of the most visited in the Brazilian coast. Annually, Porto de Galinhas receives approximately 65,000 tourists (Sarmento et al. 2011 ). The reef is divided in two sectors by a channel with approximately 8 m in depth. The south sector consists of an area delimited by buoys that allow visits by tourists to specific parts of the reef (visited reef). The north sector does not receive tourists, mainly due to the lack of natural pools and the strong irregularity of the reef (unvisited reef). To characterize the areas with and without tourists, on a Saturday in May, two independent observers counted the reef walkers during four periods of 10-min of observations with 20-min intervals between them.
SAMPLING DESIGN
In order to estimate the growth rate of P. caribaeorum, we monitored 20 colonies picked at random. It was removed a 100 cm 2 square of the central region of the colony with a spatula. The objective of this experiment was to find the maximum growth rate of the colony without the interference of competitors, which would be observed close to the free edge of the colony. During the entire experiment the site was not occupied by other organisms, and, hence, scraping or removal was not necessary. The center of the square formed by tissue removal was marked with underwater epoxy resin (TECPOX MES-500) to facilitate its location (Fig. 2) . Each colony was marked with a PVC plate attached to the reef and its location was marked with a GPS. Digital images of the square area were taken monthly with a Canon Power Shot A620 camera and then analyzed in the program IMAGE J 1.6.0 to measure the area without zoanthid cover and its perimeter.
To assess the influence of seasonality on the growth of P. caribaeorum, we removed an area of the colony in the dry season and monitored it during four months (December 2010 to March 2011). We repeated the same procedure with other colonies starting in the rainy season and also monitored them during four months (May to August 2011). The experiments were carried out simultaneously on the beaches Porto de Galinhas (unvisited reef) and Suape, aiming at estimating the average growth rate of P. caribaeorum. We repeated the experiment in the area visited by tourists in Porto de Galinhas to assess the effect of humans on zoanthid growth. All the experiments were carried out in the intertidal. In addition, to test whether stress in the intertidal (e.g., exposition to desiccation, reduction in feeding time) affected the growth of P. caribaeorum, we carried out the same experiment in colonies in the infralittoral of Porto de Galinhas. In this case, we monitored only 12 colonies during four months due to difficulties in marking and monitoring colonies in the infralittoral.
To calculate growth rate we considered perimeter measurements, because a previous study suggested that growth rate was affected by the size of the free edge, in which the larger the removed area (and the larger the free edge), the faster the colony growth (Bastidas and Bone 1996) .
In addition, the initial bare area may vary little among colonies, and the growth rate should be based on an initial measurement (Garrabou 1999) . To estimate the monthly growth rate, we used a formula modified from Garrabou (1999) , in which the difference of the area between two subsequent months (growth) was divided by the perimeter of the previous month (available free edge). The value was divided by the number of days passed between measurements to obtain a daily average rate expressed in cm 2 .cm of edge -1 .day -1 , which was simplified and expressed in cm.day -1 . Total growth rate (used in comparisons between treatments) was calculated in the same way, using the values of the first and last months of the experiment.
During the entire study (December 2010 to November 2011) the cover of P. caribaeorum on the reefs of Porto de Galinhas (visited and unvisited) and Suape was estimated in transects arranged perpendicularly to the beach line on the reefs of the intertidal. In each site, three transects were monitored each month, from the tide line on one side to the tide line on the opposite side of the reef. We estimated the cover of P. caribaeorum (in cm) through the intersection of the colony with an outstretched measuring tape, following the standard method of isobathymetric lines ("transects", Loya 1972 ("transects", Loya , 1978 .
STATISTICAL ANALYSES
To test all hypotheses, we used generalized linear models (McCullagh and Nelder 1989) followed by post hoc Tukey tests (Hill and Lewicki 2006) . The hypotheses assessed were: (a) growth rate does not differ significantly between beaches and (b) the season interferes in growth rate. In this analysis we used only the data of the unvisited reef of the intertidal of Porto de Galinhas to avoid interference from other factors in the result.
We also tested the influence of location (intertidal and infralittoral) on the growth of P. caribaeorum and the interaction of this factor with season. Our hypothesis was that infralittoral colonies submitted to low stress have higher growth rate than those of the intertidal, regardless of season. We used the data of the colonies of medium and infralittoral of the unvisited reef in Porto de Galinhas.
The hypothesis that tourist trampling affects colony growth in P. caribaeorum during dry and rainy seasons was tested by comparing the medium littoral data of visited and unvisited reefs in Porto de Galinhas.
We compared growth rate among months to test the hypothesis that in the first month of growth after injury, growth rate would be higher than any other. At first, we compared the growth rate of each month between experiments that began in dry and rainy season. As there was no difference between them (F = 0.0129; p = 0.9102), the data of these two experiments were pooled. We used a generalized linear model (McCullagh and Nelder 1989) to test for differences between months and their interaction with site, and used post hoc Tukey tests (Hill and Lewicki 2006) for pairwise comparisons. For these comparisons, we used only the results obtained in the intertidal aiming at standardization.
We compared values of P. caribaeorum cover among months and localities. In all analyses, we previously tested for data normality and homogeneity of variances, and logarithmized the data that did not meet these assumptions. We ran the tests in the software Statistica 7.0 (StatSoft, Tulsa OK). The significance level adopted was α = 0.05.
RESULTS
The visited coral reef had an average of 156 visitors per observation interval, varying from 110 to 205 visitors, whereas the unvisited reef had an average of one visitor per observation interval, varying from 0 to 4. Data from the City Secretariat for the Environment show that the visited reef receives no less than 5,000 tourists per month, on average, with values reaching over 15,000 in the high season according to the City Administration of Ipojuca for 2011.
During the experiment some colonies decreased their recovery area, alternating periods of growth with periods of partial mortality. The colonies that did not show total mortality continued to be monitored and those periods of decline were reflected in their final average growth rate. The colonies that showed large areas of mortality without new growth (total mortality) were excluded from the analysis. Considering all situations, out of 144 monitored colonies 59 showed partial loss in some month, and out of these, ten colonies died.
The average growth rate of P. caribaeorum varied from 0.015 to 0.021 cm.day -1 (Table I) . We observed no significant difference in the growth rate of P. caribaeorum between the beaches Porto de Galinhas and Suape or between the dry and rainy seasons, but there was an interaction between these factors ( between the dry and rainy seasons only in Suape (p < 0.01). Colony site did not affect growth rate and no significant differences were detected between colonies at intertidal and infralittoral in Porto de
Galinhas. However, in a pooled analysis with mid and infralittoral data, we observed a significant difference between seasons, with higher growth rate in the dry season (Table I, Table II In Porto de Galinhas, in spite of no difference between visited and unvisited reefs or between dry and rainy seasons, we observed a significant interaction between factors (Table II) . The Tukey test revealed that only the visited reef showed a significant difference between periods, with lower growth rates in the dry season (p < 0.05) (Fig. 3C) .
The studied colonies did not have a uniform growth in any locality. Variations in growth due to mortality were evident during the study. We found significant differences between months and there was a significant interaction between locality and month (Table II, Fig. 3D ). The first month, after the removal of the tissue, showed the highest values of growth rates, followed by a decrease in the second month in all localities. After the third month, the colonies located in Porto de Galinhas (unvisited and visited reefs) resumed growing, whereas in Suape the growth rates continued to decrease and only began to rise again in the fourth month (Fig. 3D) . However, pairwise comparisons revealed that within each month, growth did not differ significantly between localities. The comparison between months within each locality revealed significant differences only in the visited reef between the first and second months (Tukey test, p < 0.01).
The cover of P. caribaeorum differed between localities (F = 87.1024; d.f. = 2; p < 0.000001; Fig. 4 ): the unvisited reef in Porto de Galinhas scored 22.9%, the visited reef in Porto de Galinhas scored 6.2%, and Suape scored 9.6%. The Tukey test revealed that the unvisited reef showed a significant difference in cover, in comparison with both the visited reef (p < 0.05) and Suape in the rainy season (p < 0.05). Figure 3D , data were converted in Log +10.
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DISCUSSION
Palythoa caribaeorum has been pointed out as the cnidarian with the highest growth rate (Mendonça-Neto and Gama 2009, Costa et al. 2011), in particular considering the study by Suchanek and Green (1981) . In this study the main focus was the competition between P. caribaeorum and other species in reefs of the Virgin Islands. The authors calculated a growth rate between 2.5 and 4 mm.day -1 for this species. However, the experiment lasted only 20 days and the authors did not clearly state how growth measurement or rate estimation was done. In a later study, Bastidas and Bone (1996) . This value is lower than that of our study (0.015 cm.day
). It is important to highlight that in the estimation of the growth rate in the present study we also considered the perimeter. There is a difference in units between studies because in the present study we simplifi ed the unit "cm 2 " of the area with "cm" of the perimeter, which resulted in the fi nal unit: cm.day -1 , but that had the same meaning as the result by Bastidas and Bone (1996) , who did not use simplifi ed units. In both studies, the cover of P. caribaeorum in reefs was high, the monitoring lasted a long time and there were no competitors. The difference found in growth rate between studies may be related to the removal of a central portion of the colony in the present study. Growth rates can increase after injury (which creates an extension of free edge), and, hence, the colony removal serves as a stimulus for faster growth. Indeed, Bastidas and Bone (1996) observed that the larger the initial part removed (or edge length) from the colony, the larger the fi nal cover of P. caribaeorum on the bare area, but this analysis was not made in relation to growth rate. Hence, it is possible that the results by Suchanek and Green (1981) are overestimated. Anyway, the growth rate of P. caribaeorum is very high and markedly superior to scleractinian species that depend on the deposition of calcium carbonate to form their skeleton (for a review of methods and data on scleractinian growth, see Kinzie 1976, Buddemeier and Smith 1988) . Another recently published study also found high growth rates in P. caribaeorum. Rabelo et al. (2013) . The high values found by these authors can be explained by no consideration of perimeter in the calculation of the growth rate, contrary to Bastidas and Bone (1996) , and the present study. The authors simply divided the average area gained by the species during the experiment, by the number of months gone by. Hence, this value cannot be compared to the values previously cited. The great diffi culty in comparing results among authors and better understanding the dynamics of processes, results from the inappropriate defi nition of terms and measures adopted or due to the lack of this information (Buddemeier and Kinzie 1976) . The presentation of methods for the analysis of growth rate must be clear and there must be standardization in the calculation of growth rates, in order to allow comparisons between species and localities.
The growth rate in P. caribaeorum was in general very homogeneous among localities, and was not affected by colony site, location at intertidal or infralittoral, or by tourist visits. This shows that intrinsic factors regulate the growth rate of this species, and there is probably a strong genetic component.
Colonial organisms grow through somatic increase and asexual reproduction by polyp fission. Colony fission and fragmentation contribute to a local increase in population density. The genus Palythoa has a high rate of asexual reproduction (Cooke 1976) . This contributes to local dispersal, colonization, gain of space in competitive interactions, and fitness increase (Acosta et al. 2001) . The contribution of fission and fragmentation in population growth of zoanthids in reefs can vary among species (Acosta et al. 1998 , 2001 , Acosta and Sammarco 2000 . In addition, fission depends on endogenous forces, which are, genetically determined, whereas fragmentation depends on exogenous forces and their rates can be affected by environmental conditions (Brazeau and Lasker 1992 , Garrabou 1999 , Karlson 1991 . In P. caribaeorum the contribution of fragmentation is low in relation to fission (Acosta and Sammarco 2000). Fission can occur from small sizes (5 cm 2 ; Acosta et al. 2005) and can be an adaptive advantage that helps increase the metabolic rate, growth, and reproduction (Ryland and Warner 1986, Stoner 1989) . It also increases the colony's efficiency regarding food capture (McFadden 1986) . This endogenous regulation of growth could explain the homogeneity of the growth rates found.
In spite of this homogeneity, we found differences in the growth of P. caribaeorum between dry and rainy seasons in some specific situations, as revealed by post hoc tests, which showed interactions between environmental factors. One example was the inverse behavior of the growth rates in Porto de Galinhas and Suape in the dry and rainy seasons. Although they had different growth rates in each season, in the end both beaches had similar average growth rates.
Some studies showed the negative effect of trampling on reef communities (Liddle and Kay 1987 , Neil 1990 , Hawkins and Roberts 1994 , Brown and Taylor 1999 , Rodgers and Cox 2003 , Sarmento et al. 2011 . In the present study, the growth rate of P. caribaeorum in Porto de Galinhas did not differ between visited and unvisited areas, not corroborating our initial hypothesis. However, in the visited reef, growth rates were significantly lower in the dry season, when tourist influx was higher, which indicates that trampling on that reef interferes negatively in colony growth in that season of the year. Nevertheless, as the visited area showed an opposite pattern in comparison to the unvisited area, these differences disappeared in the pooled analysis. This means that trampling does not affect the annual growth rate, but alters the form it occurs, which results in a different pattern.
We expected infralittoral colonies to present higher growth rate, as colonies of the intertidal need to allocate energy to avoid desiccation by producing mucus (Sebens 1982) and the low tide periods reduce their feeding time. However, P. caribaeorum colonies had similar growth rates in both environments, which shows that this species is well adapted to both. Actually, P. caribaeorum can enter a dormancy state, with starvation and keeping the colony covered by mucus (Acosta et al. 2005) . In addition, the species is well adapted to sedimentation in the infralittoral, as it can incorporate particles of fine sediments in its tissues, at a proportion of up to 65% (Haywick and Mueller 1997) .
Under all conditions analyzed, the growth rate of P. caribaeorum showed high variability, which was evidenced by high standard deviations. It is possible that factors that were not assessed in the present study, such as interspecific competition, food availability, and predation, contribute to this variation (Ayling 1983 , Hughes and Jackson 1985 , Turon and Becerro 1992 . The growth rate of P. caribaeorum varied throughout months. It was highest in the first month, which corroborates Bastidas and Bone (1996) and Rabelo et al. (2013) , who recorded higher growth rates soon after injury.
The P. caribaeorum cover recorded in Pernambuco was similar to that observed in other localities, such as Florida Keys (18.6 -19%, Mueller and Haywick 1995) , Virgin Islands (10.2 -16.6%, Suchanek and Green 1981), and Colombia (16.7 -19%; S. Gleibs, unpublished data) . Other reefs in northeastern Brazil (Barradas et al. 2010 , Francini-Filho et al. 2013 ) and rocky shores in southeastern Brazil (Castro et al. 1999 , Oigman-Pszczol et al. 2004 ) also showed similar results. Differences between localities and periods show high dynamism of the species, which alternates periods of growth and mortality, or even bear both processes in the same colony (JFS, personal observation). This can be interpreted as a continuous search for microhabitats favorable to growth (Garrabou 1999) . When Hughes and Jackson (1980) studied the growth of the coral Agaricia agaricites, they noticed that the mortality pattern was related to colony size. Small colonies died completely or remained undamaged, whereas large colonies had partial death that could result in the formation of two or three colonies by fission. This process seems very common in P. caribaeorum (Acosta et al. 2005 ) and could explain a higher cover of the species on the unvisited reef, where the colonies are larger (personal observation). Colony size can influence both mortality (Tanner 1999) and growth rate (Bastidas and Bone 1996) . Trampling affects this dynamics, leading to lower cover of the species caused by higher mortality, as we evidenced no difference in growth rate between visited and unvisited areas.
The present study corroborated the hypothesis that P. caribaeorum is an important species for the dynamics of coastal reefs due to its fast and continuous growth and production of toxic substances (Bastidas and Bone 1996, Tubaro et al. 2011) . P. caribaeorum engages in several competitive interactions in the reefs of Pernambuco, in particular with macroalgae and the zoanthids Protopalythoa variabilis and Zoanthus sociatus, but keeps its abundance high.
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RESUMO
Nos recifes brasileiros os zoantídeos, especialmente
Palythoa caribaeorum, são fundamentais na estruturação da comunidade bentônica local. O objetivo deste estudo foi determinar a taxa de crescimento de P. caribaeorum e avaliar a influência do local (praias diferentes), do período do ano (seco ou chuvoso), posição (médio ou infralitoral) e pressão antrópica associada ao turismo.
Durante um ano acompanhamos a cobertura de P. caribaeorum com uso de transectos e focamos em 20 colônias. Nós retiramos um quadrado (100 cm 2 ) da porção central da colônia e monitoramos a área desnuda por quatro meses em cada estação. 
